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Method for removal of permeate gases from a flexible 
tubular pipe, and pipe embodied for carrying out the 

same 



5 The present invention relates to a method of draining 
and venting the permeate gases that diffuse into the 
annulus of a flexible tubular pipe and to a pipe 
suitable for implementing such a method. 

10 The flexible tubular pipes involved here are unbonded 
pipes such as those described in the API (American 
Petroleum Institute) standard 17J to which the reader 
may refer. 

15 These flexible tubular pipes used in the field of 
offshore oil production are intended for transporting 
fluids, especially hydrocarbons. They comprise at least 
one flexible internal tube made of a polymer material, 
more commonly called an internal pressure sheath, 

20 within which said hydrocarbons flow. The pipes include 
an external sheath and reinforcing plies or armors, 
located in the annular region, between the external 
sheath and the internal pressure sheath. 

25 The pipes, depending on their application and 
especially on their service conditions and the fluid 
transported, may include a carcass placed inside the 
pressure sheath. 

30 In addition, they are likely to include what is called 
an intermediate sheath located in the annular region. 

Although the internal pressure sheath is impermeable to 
the hydrocarbons, certain gases and molecules contained 
35 in these hydrocarbons are liable to diffuse through the 
wall of said pressure sheath depending on the material 
of which it is made, on the concentration of said gases 
and molecules in the hydrocarbons and on the local 
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conditions, especially the pressure and temperature 
conditions. These gases, which diffuse through the wall 
of the internal pressure sheath and will be called 
permeate gases, comprise in particular water in the 
5 vapor phase, carbon dioxide, methane or hydrogen 
sulfide . 

Said annular region, comprising the armor (s) or 
reinforcing plies, includes flow paths that extend, for 

10 example, around the armor elements and along said 
internal pressure sheath over the entire length of the 
pipe, said permeate gases being capable of flowing 
naturally along said flow paths, to be drained away 
toward a venting device. Most often the venting device 

15 is located in the connection end-fittings and is formed 
from one or more differential valves. The flow paths 
are for example formed by the gaps that exist between 
the armor wires of the reinforcing plies, or armor 
plies, or else, thanks to the lateral faces of the ply 

20 wires that are longitudinally profiled or grooved and 
that, even in content, are suitable for forming said 
flow paths. 

Two problems then arise. Not only are the permeate 
25 gases liable to corrode the elements of the 
reinforcement, which are generally made of steel, but 
water in the vapor phase is also likely to condense 
under certain temperature and pressure .conditions, 
forming a liquid mixture which obstructs the flow paths 
30 and may block the natural flow of the permeate gases. 
As a result, the pressure of the permeate gases 
increases in the annular region and these gases, in 
particular carbon dioxide and hydrogen sulfide, 
stagnate between the elements of the reinforcement, 
35 thereby further exacerbating the corrosion. 



Furthermore, the build-up 
condensate in the annular 
cause the outer coating that 



of permeate gas and 
region is also likely to 
protects the reinforcement 
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and the internal pressure sheath to burst when the 
pressure in the annular region is above the pressure 
existing on the outside of the pipe. This risk is lower 
at great depth since the hydrostatic pressure 
5 compensates for the pressure in the annular region. In 
contrast, this risk is greatest near the surface, when 
the permeate gases are no longer being vented. 

This condensation problem may in particular be critical 
10 in what are called S or wave (lazy-S, steep-S) riser 
configurations. This is because the condensation in the 
top part of the pipe will concentrate at the low point 
of inflection of the pipe (the sag bend) preventing the 
natural drainage in the bottom part of the pipe from 
15 taking place along the pipe toward the surface end- 
fitting . 

To prevent the permeate gases from building up in said 
annular region, it has been envisioned to drill holes 

20 in the outer coating and to close off these holes by 
valves that open and close rapidly, theses valves being 
designed to open and close at defined differential 
pressures between the annular region and the outside. 
Thus, when the pressure of the permeate gas in the 

25 annular region is above said defined differential 
pressure, the valves open in order to release the 
permeate gas to the outside, and close rapidly so that 
nothing penetrates into the annular region. This is 
because it is vital for no fluid to penetrate into the 

30 annular region, in particular seawater, when the 
flexible tubular pipe connects a subsea wellhead to a 
surface platform. 

The reader may in particular refer to document EP 0 341 
35 144 which describes such a permeate gas venting device 
placed in a connection end-fitting of a pipe. 

However, on the one hand there still remains a risk 
that the valves remain in the open position, although 



- 4 - 

the pressure in the annular region is below the 
external pressure, in which case water can penetrate 
into the annular region, and, on the other hand, at 
great depth, the external pressure is such that the 
5 valves cannot be easily opened and that the permeate 
gases then condense in the annular region. 

Thus, it has been envisioned to let the permeate gases 
condense and to reinject the condensate into the 
10 internal pressure sheath where the hydrocarbon is 
flowing. Such a method is described in document 
WO 00/17479. 

However, such a method requires relatively powerful and 
15 possibly submersible pumping means. 

One problem that arises, which the present invention 
aims to solve, is therefore to preserve the flexible 
tubular pipe while not only preventing the permeate 
20 gases from being able to condense in the annular region 
but also preventing the external water from being able 
to penetrate thereinto. 

For this purpose and according to a first subject, the 
25 present invention provides a method of draining and 
extracting the permeate gases from a flexible tubular 
pipe for transporting hydrocarbons. Said flexible 
tubular pipe comprises at least one internal pressure 
sheath, suitable for conveying said hydrocarbons, 
30 permeate gases contained in said hydrocarbons being 
liable to diffuse through the wall of the internal 
pressure sheath. The flexible tubular pipe includes a 
protective coating, or external sheath, and one or more 
reinforcing plies or reinforcements located in an 
35 annular region, between the external sheath and the 
internal pressure sheath. Said annular region has, 
along the reinforcing plies, flow paths suitable for 
draining away the permeate gases toward venting means, 
and in which paths said permeate gases can flow, said 
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method consisting in forcing said permeate gases in 
said annular region to flow along said flow paths 
toward said venting means, which vent the gases to the 
outside of said annular region. 

5 

Advantageously, the venting means consist of 
differential valves located in the end connection 
fittings, which means vent the gases by the pressure 
difference between said annular region and the outside. 

10 

Thus, one feature of the invention lies in the method 
of draining and venting the permeate gases from the 
annular region which is no longer passive, unlike the 
pipes according to the prior art, but is active, since 
15 the permeate gases are vented toward the outside by 
forcing the gas in the annular region to flow. 

As a result, not only is the partial pressure of the 
permeate gases, which corrode the elements of the 

20 reinforcement, greatly reduced since these permeate 
gases are expelled from said flow paths and vented to 
the outside, but, most particularly, water in the vapor 
phase no longer condenses as it is also entrained with 
the other permeate gases toward the outside before the 

25 partial pressure reaches the saturation vapor pressure 
and it therefore no longer obstructs the flow paths of 
the annular region. 

As a consequence, the flexible tubular pipe is 
30 preserved and moreover the outer coating is no longer 
liable to burst because the forced active draining of 
the permeate gases makes it possible to reduce the 
corrosion of the metal elements and to prevent 
condensation of said gases, and therefore the potential 
35 problems of the external sheath bursting owing to local 
overpressures due to said condensation. 

The permeate gases are preferably forced to diffuse by 
injecting a pressurized entrainment gas into said flow 
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paths, the entrainment gas being suitable for 
entraining said permeate gases along said flow paths 
toward the outside of said annular region. Thus, the 
drainage or venting takes place by the injection of a 
5 gas that is inert with respect to the elements of the 
reinforcement and with respect to the permeate gases, 
at a pressure and a flow rate that are suitable for 
preserving the outer coating and for mechanically 
entraining said permeate gases along the flow paths 
10 toward venting means, known per se, which expel them to 
the outside of the annular region. 

Advantageously, the entrainment gas is injected into a 
plurality of injection regions spaced longitudinally 

15 along said flexible tubular pipe so as to obtain a 
sufficient flow of entrainment gas at any point on the 
tubular pipe in order to entrain the permeate gases 
along the reinforcing plies, toward the venting means. 
In the case of a subsea tubular pipe used as a riser, 

20 the venting means are preferably just one means located 
in the end that joins the surface. Other outlets can be 
provided these being underwater outlets, at the 
connection end-fittings. These outlets are formed by 
differential valves mounted on the connection 

25 end-fittings. 

In a particularly advantageous manner, said entrainment 
gas is injected at one of the ends of said flexible 
tubular pipe, preferably at that end connected to a 
30 subsea installation located on the seabed, and the 
permeate gases in the annulus are entrained along the 
reinforcing plies toward the other end located near the 
surface and are then vented through said venting means 
of the end-fittings. 

35 

Preferably, the entrainment gas consists of nitrogen, 
this gas being available at a relatively advantageous 
cost and completely inert with respect to the permeate 
gases and to the reinforcement. 
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According to another, complementary or alternative, way 
of implementing the invention, the flow is .created by 
sucking said permeate gases out from at least one 
5 suction region of said annular region so as to create a 
forced flow of said permeate gases. Thus, the permeate 
gases are extracted from the annular region by an 
underpressure with respect to the outside, which also 
lowers the partial pressure of the various gases in the 
10 annular region compared with the methods of the prior 
art, and therefore also prevents the permeate gases 
from condensing in the tubular pipes. 

According to a second subject, the present invention 

15 provides a flexible tubular pipe for transporting 
hydrocarbons. Said flexible tubular pipe comprises at 
least one internal pressure sheath, suitable for 
conveying said hydrocarbons, permeate gases contained 
in said hydrocarbons being liable to diffuse through 

20 the wall of the internal pressure sheath. The flexible 
tubular pipe includes a flexible protective coating, or 
external sheath, and one or more reinforcing plies or 
reinforcements located in an annular region, between 
the external sheath and the internal pressure sheath. 

25 Said annular region includes, along the reinforcing 
plies, flow paths suitable for draining away the 
permeate gases toward venting means, along which paths 
said permeate gases can flow, said flexible tubular 
pipe including means for forcing said permeate gases in 

30 said annular region to flow along said flow paths 
toward said venting means. 

Advantageously, said means for forcing said permeate 
gases to flow include at least one supply line emerging 
35 in said annular region for supplying pressurized 
entrainment gas in order to entrain and force the flow 
of the permeate gases along said flow paths toward 
venting means opening to the outside. 
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Thus, the supply line, which is also flexible and 

mounted adjacent said tubular pipe or inside it, 

emerges in the annular region so as to inject the 
pressurized entrainment gas through the flow paths so 

5 as to entrain the permeate gases toward the outlet and 
the outside. 



Moreover, the supply line has drilled injection holes 
spaced apart, and it lies longitudinally in said 

10 annular region so as to form a plurality of injection 
regions spaced longitudinally along said flexible 
tubular pipe. In this way, thanks to a single supply 
line that is drilled periodically with a plurality of 
injection holes and lies over the entire length of the 

15 tubular pipe, a plurality of injection regions is 
formed over the entire length of the pipe. Thus, the 
annular region of the entire tubular pipe, from one end 
to the other, is swept with the entrainment gas, which 
forces the permeate gases to flow and entrains them 

20 toward the venting means. 

The flexible tubular pipe includes a first end-fitting 
connected to a subsea installation which is itself 
connected to at least one wellhead and a second end- 

25 fitting located near the surface, and said outlet 
advantageously emerges to the outside near said second 
end-fitting, said supply line, which has at least one 
injection end, extending along said tubular pipe on the 
inside of the annular space in such a way that said 

30 injection end is located substantially near the first 
end-fitting . 



Thus, the injection end, near said first end-fitting, 
injects the entrainment gas, which can force the 
35 permeate gases in the annular region to flow as far as 
said second end-fitting. In this way, thanks to said 
injection end, by itself or complementarily with the 
injection holes drilled along the supply line that 
alleviate the pressure drops along the tubular pipe, 
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all the permeate gases that diffuse through the 
internal pressure sheath can be entrained toward the 
outlet . 

5 Furthermore, the diffusion of the permeate gases toward 
the outlet is forced thanks to a pressurized-nitrogen 
supply. Advantageously, the nitrogen is stored under 
pressure in a storage tank. 

10 According to another way of implementing the invention, 
the diffusion of said permeate gases is forced by means 
of a suction pump suitable for sucking said permeate 
gases into said flow paths in at least one suction 
region of said annular region. 

15 

Other features and advantages of the invention will 
become apparent on reading the following description of 
particular embodiments of the invention, given by way 
of indication but implying no limitation, with 

20 reference to the appended drawings in which: 

figure 1 is a partial schematic view in 
perspective illustrating a flexible tubular pipe 
suitable for implementing the method of draining and 
venting the permeate gases according to the invention; 

25 - figure 2 is a schematic sectional view on II-II 

of the tubular pipe illustrated in figure 1; and 

figure 3 is a schematic view in perspective of 
one element of the tubular pipe illustrated in 
figures 1 and 2. 

30 

Figure 1 illustrates the structure of a flexible 
tubular pipe, a portion 10 of which is shown here. 

The pipe illustrated comprises, from the inside 
35 outward, a first layer 12 consisting of an interlocked 
metal winding capable of preventing the pressure sheath 
(14) that covers it from collapsing under external 
stresses . 
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A flexible impermeable second layer 14, forming a 
flexible internal tube called a pressure sheath, made 
of a polymer-type plastic capable of withstanding the 
chemical action of the hydrocarbons, covers the first 
5 layer 12. 

This pressure sheath 14 is covered by a pressure vault 
16 forming a third layer, designed to withstand the 
radial stresses created by the pressure of the fluid 
10 flowing in the pipe. The pressure vault 16 consists of 
a winding, in a short-pitch helix, with a lay angle of 
about 90° to the pipe axis A around said pressure 
sheath 14, of one or more interlocked profiled metal 
wires . 

15 

The pressure vault 16 is in turn covered by two armor 
plies 18, 20 wound one over the other with a long pitch 
and in the two opposed winding directions so as to be 
crossed. These two armor plies 18, 20, formed from 

20 windings of several wires, generally of approximately 
rectangular cross section and forming fourth and fifth 
layers, are wound with a certain gap and allow said 
pressure vault to take up the longitudinal axial 
stresses exerted on the pipe and in particular allow it 

25 to withstand tensile loads. 

Shown in figure 1 between the elements forming the 
armor plies 18, 20 is a portion of line 22, said line 
22, inserted between the armor wires of one of the 
30 armor plies, being intended for implementing the 
invention as will be explained below. 

The armor plies 18, 20 are also covered with a sixth 
layer of an external protective coating 24 consisting 
35 of a sealing sheath made of a polymer-type plastic. 

Thus, the external protective sheath 24 and the 
internal pressure sheath 14 lying concentrically inside 
it together define an annular region 23 in which the 
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two armor plies 18, 20 and the pressure vault 16 form 
the reinforcing, plies or reinforcements. The armor 
plies 18, 20 and the pressure vault 16 are designed to 
move relative to one another in order to give the pipe 
5 flexibility. Furthermore, the wires of the armor plies 
together define spaces forming flow paths along which a 
fluid can flow. These spaces (not shown) that appear 
between the armor ply wires, of rectangular cross 
section, can be made and widened by providing wires 
10 whose sidewalls are profiled, for example wires with 
concave or convex sidewalls, so as necessarily to 
define, between two adjacent wires, at least one 
longitudinal flow path. 

15 As shown in figure 1, the portion of line 22 
constitutes the end of a supply line 25 shown partly in 
figure 3, said supply line being preferably made of 
stainless steel. 

20 According to a preferred embodiment of the invention, 
the flexible tubular pipe includes at least one supply 
line intended for injecting an entrainment gas in order 
to force the permeate gases in the annular region to 
flow along the flow paths. 

25 

The portion 10 of flexible tubular pipe illustrated in 
figure 1 includes a line that is helically wound 
between two armor wires 26, 28 of the same armor ply 
18 . 

30 

Whereas the flexible tubular pipe whose portion 10 is 
illustrated in figure 1 has a single line, the cross 
section of a tubular pipe as illustrated in figure 2, 
which may be seen in the plane II-II of figure 1, has 
35 three supply lines shown in cross section 32, 34, 36. 



These three supply lines 32 34, 36 are also helically 
wound between the armor wires of the armor ply 18 that 
is also illustrated with the other layers. 
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The supply lines 25, 32, 34, 36 are designed to be 
under pressure of an entrainment gas, advantageously 
nitrogen, so as to supply the annular region 23 in 
5 order to force gas in said region to flow. 

To do this, and as illustrated in figure 3, the supply 
line 25 is drilled locally with injection holes 38, 40 
forming nozzles, through which the entrainment gas - 
10 nitrogen - is designed to diffuse under pressure. 

Thus, the supply lines 25, 32, 34, 36, that extend over 
the entire length of the flexible tubular pipe, are 
capable of supplying the annular region 23, locally or 
15 over the entire length of said pipe between its two 
ends, with entrainment gas, which entrainment gas flows 
along the flow paths toward one or other of said ends. 

Thus, thanks to this embodiment, permeate gases 
20 diffusing through the pressure sheath 14 into the 
annular region 23 are entrained by the entrainment gas 
to one or other of said ends. 

In this way, the partial water vapor pressure in the 
25 annulus is maintained below the saturation vapor 
pressure. Thus, not only do these permeate gases, which 
contain water in the vapor phase, not condense, but 
they are also entrained out of the annular region 23, 
thereby reducing the corrosion of the reinforcement, 
30 which generally consists of metal windings. Apart from 
water, the permeate gases also contain hydrogen sulfide 
and carbon dioxide that contribute to the corrosion of 
the reinforcing plies. 

35 The number of lines 25, 32, 34 36, their size and the 
number and position of the injection holes 38 depend on 
the type of pipe and on the field and service 
conditions . 
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It is particularly advantageous to inject the 
entrainment gases into the bottom part of the flexible 
tubular pipe through at least two supply lines. 
According to one particular embodiment of the 
5 invention, for a 10-inch riser flexible tubular pipe, 
i.e. one having a diameter of about 25 cm, which 
extends over a length of 700 m for joining the seabed 
at 350 m, the crude being at 130°C and under a pressure 
of 240 bar, the rate of injection of entrainment gas 
10 must be adjusted so as to provide a flow rate of about 
1 liter per hour, for example 0.8 liters per hour, at 
the venting means in order to prevent the permeate 
gases from condensing. 

15 Flexible tubular pipes according to the invention are 
suitable for being installed between a subsea 
installation, which is connected to wellheads and to 
which they are connected via a first end-fitting, which 
installation is located on the seabed or ocean floor, 

20 and a surface platform. The supply lines form an 
integral part of the pipe and are supplied with 
entrainment gas from the surface using a pressurized 
nitrogen tank or using a pump. The end of the annular 
region located at the first end-fitting, which is 

25 connected to the wellhead, is perfectly sealed so that 
the pressurized nitrogen tends to rise toward the 
surface and emerge at the venting means located close 
to the upper end near a second end-fitting, on the 
outside of said annular region, entraining the permeate 

30 gases with it. 

According to another embodiment of the invention, the 
entrainment gas is conveyed directly to the first end- 
fitting located oh the subsea installation, using 
35 another supply line external to the flexible tubular 
pipe, for example an umbilical connected to the subsea 
installation, which will allow the entrainment gas to 
be injected into the annular region at said 
installation . 
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This method of draining and venting the permeate gases 
according to the invention can be transposed to 
existing flexible pipes in which the permeate gases 
5 flow freely in the annular region, in order to force 
these gases to drain away toward the outside, and for 
example through the valves or vent ports placed along 
the flexible pipe, generally in the connection 
fittings . 

10 

Furthermore, in certain cases, the flexible pipe may 
include at least one intermediate sheath defining two 
annuli, namely an external annulus and an internal 
annulus . In this case, supply lines are installed both 
15 in the internal annulus, which will as a priority be 
drained by forced flow, and in the external annulus. 

Moreover, any increase in temperature and pressure 
results in greater diffusion of the gases through the 
20 internal pressure sheath, so that the method according 
to the invention is perfectly suited for extraction at 
great depth where the hydrocarbons are at high 
temperature and under high pressure. 

25 According to another embodiment of the invention (not 
shown) , the gases in the annulus are forced to flow by 
suction and not by injection. The permeate gases in the 
annular region are therefore sucked out directly by 
means of a pump, for example located at the surface on 

30 the platform, so as to lower the partial pressure of 
the various gases contained in the permeate gases and 
in particular that of water in the vapor phase so as to 
prevent it from condensing. 



